Abstract. The application of the hyperspherical harmonic approach to the case of non-local two-body potentials is described. Given the properties of the hyperspherical harmonic functions, there are no difficulties in considering the approach in both coordinate and momentum space. The binding energies and other ground-state properties of A ¼ 3 and 4 nuclei are calculated using the CD Bonn 2000 and N3LO two-body potentials. The results are shown to be in excellent agreement with corresponding ones obtained by other accurate techniques.
Introduction
A number of ''realistic'' nucleon-nucleon (NN) potentials has been determined in recent years [1] [2] [3] , that reproduce the deuteron binding energy and fit a large set of NN scattering data below the pion-production threshold with a 2 /datum ' 1. The high accuracy achieved in reproducing NN observables has spurred renewed interest in testing these potential models in systems with A ! 3. Several methods have been developed to accurately solve the Schr€ o odinger equation for these systems, and meaningful comparisons with precise experimental data, for example for the N-d reaction, are nowadays possible [4, 5] . Among these methods, of particular importance are the Faddeev-Yakubovsky (FY) equations approach [6] [7] [8] [9] [10] [11] , the quantum Monte-Carlo methods [12, 13] , and the techniques based on the expansion of the nuclear wave function on an appropriate basis, like the hyperspherical-harmonics (HH) [14] [15] [16] [17] [18] , the harmonic oscillator [19, 20] , or the Gaussian basis [21, 22] . Some of these methods are variational while others are not, and they are more or less advantageous depending on the problem at hand. All of them provide very accurate results for bound states [23] . On the other hand, the application to scattering states presents a number of difficulties that are specific to each of these methods. Of course, scattering wave functions are an essential input to the calculation of scattering observables as well as of cross sections for electroweak reactions, such as, for example, the low-energy radiative and weak capture processes relevant in nuclear astrophysics. The FY approach has been developed both in coordinate and momentum space and, in general, gives very accurate results. However, this approach becomes problematic when considering scattering processes with charged particles at low energies, although recent improvements have been made in ref. [11] to reduce some of these problems. In this respect, variational methods do not encounter any difficulty, since the electromagnetic interaction between the particles can be taken into account in configuration space [24] . For example, with the HH technique p-d elastic scattering observables have been calculated with the same degree of accuracy as the corresponding n-d ones [25] [26] [27] .
The failure of theory based the ''realistic'' NN models in predicting successfully A ¼ 3 and 4 bound and scattering-state properties provides evidence for the need of including a three-nucleon interaction (TNI) [28, 29] . However, the current understanding of the TNI is still in an early stage, and discrepancies between theory and experiments are still observed, as in the case of the N-d [29-32] and p-3 He [33, 34] A y polarization observable (the so-called ''A y -puzzle''). It is not clear if these discrepancies can be solved by using more sophisticated models of TNIs, or if the problem still resides in the NN interaction (in particular, in P waves) [35] [36] [37] .
More recently, new potentials have been derived using chiral perturbation theory at increasing order [38] [39] [40] [41] . Also many-body forces can be derived on the same footing [42] [43] [44] [45] [46] . Furthermore, there are other models which are constructed up to a certain cutoff momentum Ã (low-q potentials [47, 48] ). All these new potentials are defined primarily in momentum space and are non-local. Therefore, accurate techniques which can solve the corresponding Schr€ o odinger equation for A ¼ 3 and 4 are important. At present, only the FY [8, 10] and the no-core-shell-model [20] methods have been employed for this task. In this paper, we will show that the HH method too can be successfully applied to treat this kind of potentials.
In the last few years, considerable effort has been devoted by the authors of the present paper to the development and application of the HH technique to study bound and scattering states of three or four nucleons with realistic local NN potentials [14] [15] [16] [49] [50] [51] . A version of the method, that has been rather extensively exploited in these calculations, includes an appropriate correlation factor in the HH basis functions, so as to take into account the strong short-range repulsion of the NN interaction and, therefore, improve the rate of convergence of the expansion. This approach is known as the correlated-hyperspherical-harmonics (CHH) method [14, 15, 49] . Up until now, the calculations have been done only for local nuclear interactions, in particular the Argonne v 18 two-nucleon (AV18) [1] together with the Urbana IX (UIX) three-nucleon [12] interaction.
The HH method, without correlation factors, has also been employed for the calculation of trinucleon [16] and -particle [17] bound states and four-nucleon scattering processes [52] . Such a method appears especially convenient in the case of non-local potentials. The object of the present paper is the calculation of the trinucleon and -particle bound states with the uncorrelated HH expansion using two recent realistic non-local two-nucleon interactions, namely the CD Bonn 2000
